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Abstract: 

This  grant  has  funded  work  aimed  primarily  at  developing  a  mathematical  model  to  describe 
geoacoustic  and  seismic  wave  propagation  in  ocean  sediments  based  on  the  knowledge  of  certain 
primitive  variables  such  as  porosity  and  grain-size  distribution.  The  model  is  based  on  the 
classical  Biot  theory  extended  to  take  into  account  various  mechanisms  of  energy  loss  that  are 
known  to  be  important  in  marine  sediments.  After  the  initial  development  of  the  model,  a  variety 
of  field  and  lab  experiments  have  been  carried  out  to  verify  its  predictions  and  help  in  the  choice 
of  various  input  parameters  that  are  required. 

Introduction: 

The  long-term  goal  of  our  work  in  sediment  acoustics  has  been  to  develop  a  physically  meaningful 
model  to  describe  geoacoustic  wave  propagation  in  marine  sediments  on  the  basis  of  a  set  of 
primitive  physical  variables.The  principal  scientific  objective  has  been  to  develop  a  mathematical 
model  that  is  able  to  predict  wave  velocity  and  attenuation  in  the  sediments  found  near  the 
seafloor.  Specifically,  the  model  has  been  designed  to  accept  as  input  parameters  certain 
fundamental  primitive  variables,  such  as  grain  size,  porosity,  grain  density  and  gas  content  that  are 
directly  related  to  the  geological  processes  producing  the  vride  range  of  sediments  that  are 
encountered  in  the  world's  oceans.  A  number  of  auxihary  technological  objectives  have  also  arisen 
in  the  course  of  our  work  related  to  remote  sensing  and  in-situ  measurement  of  sediment 
geoacoustic  properties.  One  of  these  objectives  has  been  to  develop  a  set  of  tools  that  allow  the 
measurement  of  velocity  and  attenuation  as  well  as  certain  related  geotechnical  variables  such  as 
shear  strength  and  cone  penetration  resistance  in  the  sediment  column.  These  measurements 
provide  the  “ground  truth”  for  assessing  the  validity  and  usefulness  of  the  basic  geoacoustic 
model  and  have  important  applications  in  other  areas  such  as  mine  burial  prediction  and  the 
evaluation  of  sonar  records.. 

Approach: 

Our  approach  has  been  to  develop  a  theoretical  geoacoustic  model  based  on  the  classical  Biot 
theory  for  porous,  fluid-filled  media.  The  model  reflects  the  influence  of  variables  such  as 
porosity  and  overburden  pressure  and  includes  several  kinds  of  intrinsic  attenuation  that  are 
important  in  different  kinds  of  ocean  sediment.  We  have  performed  extensive  field  and  laboratory 
experiments  aimed  at  determining  appropriate  input  parameters  as  well  as  checking  the  validity  of 


-1- 


the  model  predictions.  Much  of  our  earlier  work  is  described  in  the  monograph  "Sediment 
Acoustics"  (StoU,  1989).  More  recent  progress,  especially  the  results  of  extensive  field  work,  has 
been  described  in  a  series  of  technical  papers  and  is  being  incorporated  into  several  new  chapters 
in  a  second  edition  of  the  monograph  to  be  published  in  the  near  fiiture.  Over  the  past  several 
years  we  have  participated  in  a  number  of  field  experiments  in  cooperation  with  other 
investigators  such  as  T.  Akal  at  SACLANT  Undersea  Research  Center  in  LaSpe2da,  Italy  and  M. 
Richardson  at  the  Naval  Research  Laboratory,  Stennis  Space  Center.  During  this  work  several 
new  testing  techniques  were  developed  to  measure  in-situ  properties  of  the  sediments  immediately 
beneath  the  seafloor  including  p-wave  velocity  and  attenuation,  shear  wave  velocity  and 
attenuation  for  both  vertically  and  horizontally  polarized  wave  motion,  and  undrained  shear 
strength  based  on  quasistatic  cone  penetration  tests.  In  addition,  sediment  cores  taken  at  many 
sites  were  analyzed  to  obtain  porosity,  grain  size  distribution  and  other  fimdamental  properties, 
the  objective  being  to  establish  the  ground  truth  at  each  test  location  and  develop  correlations 
between  such  quantities  as  in-situ  shear  wave  velocity,  undrained  shear  strength  and  porosity. 

In  addition  to  the  field  work  mentioned  above,  a  new  series  of  laboratory  experiments  has  been 
initiated  for  the  purpose  of  studying  the  dispersion  that  occurs  during  p-wave  propagation  in 
granular  sediments  as  one  moves  fi’om  the  “low  firequency”  regime  to  the  “high  frequency”  range 
that  is  currently  of  considerable  interest.  The  purpose  of  this  work  is  to  help  in  the  evaluation  of 
some  of  the  new  propagation  models  that  are  being  proposed  to  explain  the  penetration  of 
acoustic  energy  into  the  seafloor  at  low  grazing  angles  observed  in  recent  experiments.  Some  of 
these  new  models  that  are  based  largely  on  high  frequency  data,  and  in  some  cases  idealized 
scattering  models,  do  not  properly  account  for  the  dispersion  that  would  normally  be  expected  in 
going  from  low  to  high  frequencies  and  therefore  may  be  questionable  for  applications  in  the 
general  case. 

The  work  carried  out  under  this  grant  has  been  described  in  a  series  of  technical  papers  that  are 
listed  in  the  reference  list  given  below.  These  papers  together  with  the  monograph  “Sediment 
Acoustics”  by  R.  D.  Stoll  published  by  Springer  Verlag  in  1990  constitute  a  complete  record  of 
our  progress  in  work  under  the  Grant. 
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